ABSTRACT. In order to investigate the origin of tetracycline resistance in Erysipelothrix rhusiopathiae, conjugative transpositions of Tn916 were tested. The frequency of transfer between strains of E. rhusiopathiae was about 10-fold higher than that between Enterococcus faecalis and E. rhusiopathiae. In addition, detection of a Tn916-like transposon was performed by PCR assay and DNA sequencing in E. rhusiopathiae field isolates. Of 49 tetracycline-resistant isolates, 38 (77.6 %) carried a Tn916-like transposon, while 11 (22.4 %) carried tet(M) only. These results suggested that Tn916-like transposon may be widely present in the E. rhsuiopathiae field isolates resistant to tetracycline.
Erysipelothrix rhusiopathiae is the causative agent of swine erysipelas, which causes great economic loss in pig husbandry throughout the world. E. rhusiopathiae is also an important pathogen in public health as it causes erysipeloid in humans [19] . The tetracycline group of antibiotics is frequently used for growth promotion or treatment of various infections in pigs. The emergence of strains resistant to oxytetracycline (OTC) was first reported in 1984 [16] . Recently, Yamamoto et al. [20] demonstrated that 53.3% of E. rthusiopathiae strains isolated from 1988 to1998 were resistant to OTC. They detected the tet(M) gene in E. rhusiopathiae and indicated that the nucleotide sequence of the tet(M) gene had 99% identity with the tet(M) gene from Tn916 of Enterococcus faecalis [21] . Tn916, initially detected in E. faecalis, is a broad-host-range conjugative transposon that carries the tet(M) gene [5, 15] . Tn916 and related elements are found in a wide variety of Gram-positive and a few Gram-negative bacterial species [13] . It has been recognized that Tn916 is transferable from Enterococus and Listeria to Erytipelothrix by in vitro conjugation [14, 17] . In this study, we investigated conjugative transposition from E. rhusiopathiae to E. rhuisiopathiae and distribution of Tn916-like transposon in E. rhusiopathiae field isolates, to clarify how tet(M) gene is spread in E. rhusiopathiae strains in the field.
The main characteristics of the bacterial strains used in this study are listed in Table 1 . The strain Fujisawa of E. rhusiopathiae was used as a recipient [9] . Tn916 was transposed from E. faecalis CG110 [6] to E. faecalis OG1X [7] and this strain was designated OG1X::Tn916 and used as the donor for Tn916. The spontaneous mutant strains resistant to dihydrostreptomycin (DSM) were obtained from a bacterial suspension in tryptose phosphate broth (TPB; Difco Laboratories, MI, U.S.A.) that contained 0.1% Tween 80 (pH 7.6) (TPB-T80) and dihydrostreptomycin (100 g/ ml). These mutant strains were designated T17-DSMR and C4-DSMR. In detection of Tn916-like transposon, 68 E. rhusiopathiae field isolates were used. They were isolated from cases of swine erysipelas between 1994 and 2001 in Japan. Of 68 isolates, 49 (72.1%) were OTC-resistant [minimum inhibitory concentration (MIC) range, 16-64 g/ml)].
MICs were determined as described previously [8] .
Filter matings were carried out as follows. Overnight cultures of donor and recipient cells in TPB-T80 broth were mixed at a ratio of 1:10. One millilitre of the mating mixture was inoculated on a membrane filter placed on TPB-T80 agar. After 20 hr incubation at 37C, the cells were suspended in 2 ml TPB-T80 broth and plated on agar that contained appropriate antibiotics to select transconjugants. In filter matings between E. faecalis and E. rhusiopathiae, agar containing kanamycin (250 g/ml) and OTC (10 g/ml) was used. In filter matings between strains of E. rhusiopathiae, agar containing DSM (100 g/ml) and OTC (10 g/ml) was used. PCR for termini of circular intermediate of Tn916 were performed to confirm conjugative transposition of Tn916. DNA extraction of E. faecalis and E. rhusiopathiae strains was performed as previously described [10] . PCR primers were designed on Tn916 termini [11] . Their positions in the Tn916 nucleotide sequence [4] (GenBank Accession No. U09422) were as follows: Tn916-F1, 5'-AACAGGAGCGTCTTGTTGCT-3' (17836-17855); Tn916-R1, 5'-CGTCGTATCAAAGCTCATTCA-3' (117-97). The PCR mixture consisted of 100 ng template DNA, 10 pmol each primer, 1  PCR buffer (Mg 2+ free), 2.5 mM MgCl 2 , 0.2 mM dNTP mixture, and 1.25 U Ex Taq DNA polymerase (TaKaRa Ex Taq; Takara Bio Inc., Shiga, Japan). DNA amplification was carried out as follows: 5 min at 94C followed by 35 cycles of 1 min at 94C, 1 min at 56C, 1 min at 72C and a final extension of 10 min at 72C. The PCR products were electrophoresed through a 1% agarose gel and visualized by ethidium bromide staining. The circular forms of Tn916 could be detected in the transconjugants, whereas they were not present in the parent strains Fujisawa, T17-DSMR and C4-DSMR (Fig. 1) . The frequencies of transfer are shown in Table 2 . In the filter mating using E. faecalis OG1X::Tn916 as donor with E. rhusiopathiae Fujisawa as recipient, the frequency of transfer was 10 -6 . On the other hand, in the filter matings using Fugisawa::Tn916 as donor with T17-DSMR and C4-DSMR as recipients, the frequencies of transfer was 10 -5 . The frequency of transfer between strains of E. rhusiopathiae was about 10-fold higher than that between E. faecalis and E. rhusiopathiae.
Detection of tet(M) gene and Tn916-like transposon in the E. rhusiopathiae field isolates was performed using PCR methods as previously described [1, 18] . PCR products were purified using the QIAquick PCR purification kit (QIAGEN, Valencia, CA, U.S.A.) for use in sequencing reactions. Dye terminator cycle sequencing was performed with the BigDye Terminator Cycle sequencing kit and ABI PRISM 310 genetic analyzer (Applied Biosystems). The restriction enzyme HincII (Takara Bio Inc.) was used to evaluate the specificity of the PCR assay for the detection of Tn916-like transposon. Of the 49 OTC-resistant isolates, 38 (77.6%) gave the expected PCR products of 2835 bp using primers linking tet(M) to Xis-Tn genes of Tn916. Of the seven isolates with low MIC values (16 g/ml), six (85.7%) did not have a Tn916. All of the OTC-resistant E. rhusiopathiae isolates had tet(M). The parts of the PCR product linking tet(M) to Xis-Tn genes of Tn916 from four OTCresistant field isolates were sequenced and had 99.8% and 100% homology with Tn916 of E. faecalis respectively (U09422, positions 13907-14337 and 15882-16401). They also had 99.8% homology with Tn916 of Streptococcus suis (EF432727, positions 16637-17067 and 18611-19130). To evaluate the specificity of the PCR assay for detection of the Tn916-like transposon, the amplified DNA fragments of OTC-resistant E. rhusiopathiae strains and E. faecalis OG1X::Tn916 were digested with Hinc II. All of the amplified DNA fragments digested with Hinc II generated two fragments (1623 and 1212) (Fig. 2) .
The tet(M) gene is common in Enterococcus and Streptococcus [22] and has also been found in Listeria [2, 12] . Yamamoto et al. [21] identified the tet(M) gene in the field isolates of E. rhusiopathiae. The wide distribution of this gene may occur because it is carried by broad-host range conjugative transposons that belong to the Tn916 family [13] . Our results suggest that the presence of tet(M) in E. rhusiopathiae is the outcome of acquisition of a Tn916 from Enterococcus. This proposal is based on the fact that Tn916 is transferable from Enterococcus and Listeria to E. rhusiopathiae by in vitro conjugation [14, 17] . In addition, Tn916 [3] have demonstrated the transfer of Tn1545 from E. faecalis to Listeria monocytogenes in the digestive tract of gnotobiotic mice. Enterococcus and Streptococcus live naturally in the intestinal tract of pigs.
The digestive tract is considered to be the most probable meeting point for these two bacterial species and E. rhusiopathiae. Therefore, the interspecific transfer of Tn916 might occur in the digestive tract.
In conclusion, we demonstrated conjugative transposition of Tn916 between E. rhusiopathiae strains and detected Tn916-like transposon in OTC-resistant E. rhusiopathiae field isolates. Further investigation of transfer of Tn916 in vivo is needed to clarify the reason of wide distribution of tet(M) gene in E. rhusiopathiae strains.
